Objective: This study aimed to explore the association of obstructive sleep apnea-hypopnea syndrome (OSAHS) hypoxia indicators with early renal injury and serum fibroblast growth factor 21 (FGF21) in obese type 2 diabetic patients. Methods: A total of 109 obese patients with type 2 diabetes mellitus (T2DM) were recruited, including 70 males and 39 females, with an average age of 52.77 ± 13.57 years and average BMI of 29.08 ± 4.36 kg/m 2 . Overnight sleep monitoring was performed with a portable monitor to record respiratory parameters [apnea-hypopnea index (AHI), oxygen desaturation index (ODI), lowest oxygen saturation (LSaO 2 ), mean oxygen saturation (MSaO 2 /MPO 2 ) and cumulative time of oxygen saturation \ 90% (CT \ 90%)]. Ultrasonography was done to detect the quantitative liver fat content (LFC). The urine microalbumin and creatinine ratio (ACR) were determined by immunoturbidimetry. FGF21 was measured at baseline by enzyme-linked immunosorbent assay. Patients were divided into the proteinuria group (n = 42) and non-proteinuria group (n = 67). Correlation analysis and multivariate linear regression analysis were used to analyze the related data. In addition, patients were divided into the T2DM without OSAHS group (n = 16) and T2DM with OSAHS group (n = 93) according to the AHI value. The correlation analysis was used to assess the relationship between FGF21 and clinical variables.
INTRODUCTION
DN, an important cause of end-stage renal diseases (ESRD) worldwide, has caused an enormous social and economic burden [1] . The progression of DN is variable, depending largely on the blood pressure (BP), obesity, metabolic control and other risk factors [2] . However, some patients may progress rapidly to ESRD despite active treatments [3] , suggesting some unknown risk factors related to the development or progression of DN. Hence, it is critical to investigate some new risk factors of DN.
OSAHS refers to repeated apnea and/or hypopnea in sleep due to recurrent collapse or obstruction of the upper airway of multiple causes. It is characterized by nocturnal hypoxemia, hypercapnia, arousal and sleeping structural disorder [4] . Currently, polysomnography is the gold standard in the diagnosis of OSAHS. The parameters used for the assessment of OSAHS include AHI, ODI, LSaO 2 , MSaO 2 and CT \ 90%. They can objectively and comprehensively evaluate the nighttime hypoxia of OSAHS subjects. AHI and nocturnal oxygen saturation are the main indicators in the diagnosis of OSAHS and the assessment of its severity [5] . Epidemiologic studies have shown that the prevalence of OSAHS in the hospitalized patients with T2DM is about 60%, especially in those with obesity and poor glycemic control [6] . Furthermore, OSAHS has been shown to affect the glycemic control [7] and BP [8] , contributing to the diabetic vascular complications. In addition to its effects on the glycemic control and hypertension, OSAHS and concomitant intermittent hypoxemia (IH) can trigger shared pathophysiologic pathways mediating the development of DM vascular complications including activation of oxidative and inflammatory pathways [9] . To date, a variety of studies have shown that the prevalence of OSAHS significantly increases in ESRD patients undergoing hemodialysis and that hypoxic-related indicators in hemodialysis patients are significantly higher than in non-ESRD patients [10] . However, few studies have been conducted to investigate the relationship between OSAHS and DN in the early stage.
FGF21, a new member of the FGF family initially isolated from a mouse embryo, is involved in a variety of cellular functions including cell survival, differentiation, mitosis and angiogenesis [11] . Kim et al. [10] found that FGF21 was able to improve insulin resistance and prevent kidney damage by improving systemic metabolic changes and anti-fibrosis in DN. Moreover, administration of FGF21 may prevent diabetic-induced kidney injury by reducing lipid accumulation and inhibiting inflammation, oxidative stress and fibrosis [12] . Therefore, FGF21 is related to the suppression of inflammation and oxidative stress and may confer protection against the risk of DN. However, little is known about the relationship between OSAHS and FGF21 in T2DM patients.
The present study aimed to explore the association of OSAHS with early renal injury and serum FGF21 in obese T2DM patients in order to identify the possible serologic markers of early renal injury in patients with T2DM and OSAHS. Furthermore, timely intervention in high-risk patients with renal injury will delay or avoid the occurrence and development of DN.
METHODS

Patients
A total of 109 patients with T2DM were recruited from November 2016 to November 2017 at the Second Huai'an Hospital, Affiliated Hospital of Xuzhou Medical College in Huai'an (Jiangsu, China).
Inclusion criteria were: (1) patients were diagnosed with T2DM based on the Guideline for the Prevention and Treatment of T2DM in China [13] ; (2) [14] ; (3) patients were 18-80 years old; (4) patients were able to perform self-care and instrumental activities of daily living without difficulties or need for help; (5) patients were able to provide self-reported data and informed consent.
Exclusion criteria were: T1DM, secondary DM, immune diseases, hepatitis, pregnancy, acute complications of DM (diabetic ketoacidosis and nonketotic hyperosmolar coma), central and mixed OSAHS, acute and chronic infection, neuropsychiatric disease, obvious upper airway obstruction, acute cardiovascular and cerebrovascular disease, severe liver and kidney dysfunction and hypothyroidism, gout, tumor or another serious disease. This study was approved by the Ethics Committee of the Second Huai'an People's Hospital, and informed consent was obtained from patients and their family members before the study.
Sleep-Related Information
All the patients received full polysomnography (PSG) over night with a Compumedics E 3142 polysomnography device (Compumedics Inc., Melbourne, Australia). AHI, ODI, LSaO 2 , MSaO 2 and CT \ 90% were detected. The patient did not use sedatives on the day of monitoring and did not drink tea, coffee or wine. OSAHS was diagnosed according to the Guideline for the Diagnosis and Treatment of OSAHS developed by the Chinese Medical Association Respiratory Diseases Society: in 7-h sleep, the recurrence of apnea and hypopnea is [ 30 times or the AHI is C 5 times/h [5] . In addition, patients were divided into the T2DM without OSAHS group (non-OSAHS; n = 16) and the T2DM with OSAHS group (OSAHS; n = 93) according to the AHI.
DN Assessment
ACR is considered a sensitive indicator of early DN. In our study, patients were divided into the proteinuria group (n = 42) and non-proteinuria group (n = 67) according to the 2014 criteria provided by the American Diabetes Association (IDA) and the American Kidney Foundation (NKF): urinary albumin/creatinine ratio (ACR) C 30 mg/g [15] . The estimated glomerular filtration rate (eGFR) was calculated based on the serum creatinine level by using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation [16] .
Detection of Liver Fat Content (LFC)
Hepatic ultrasonography was performed in all patients by an experienced physician using an Aloka Prosound a6 scanner (Hitachi Aloka, Japan) with a 3-MHz probe. The parameters used were as follows: the gain was 77 dB and depth was 15 cm, which were standardized using a tissue-mimicking phantom before measurement.
The ultrasound hepatic/renal echointensity ratio (H/R) and ultrasound hepatic echo-intensity attenuation rate (HA) were obtained from ordinary ultrasound images using the NIH image software (Image J 1.41o, National Institutes of Health, USA). LFC was measured according to a previous report [17] .
Covariates
Baseline characteristics such as age, gender, duration of diabetes, history of smoking, history of drinking, hypertension and history of coronary heart disease were collected by reviewing medical records. Individuals were considered hypertensive if the average systolic blood pressure (SBP) was C 140 mmHg, diastolic blood pressure (DBP) was C 90 mmHg, or the use of pressure-lowering medications in the past year was reported. Waist circumference (WC) measurement: WC was measured in the standing position. The patient was asked to breathe naturally, and the distance between the midpoint of the anterior superior iliac spine and the lowest point of the lower rib bone around the abdomen was measured in cm. BMI was computed as the ratio of weight to the square of height (kg/m 2 ). Current smokers reported smoking at least one cigarette per day over the past month. Drinking was defined as drinking at least once weekly for nearly 1 month. BP was measured after resting for 10 min. After overnight fasting (at least 10 h), blood samples were collected from the antecubital vein between 8:00 and 10:00 a.m. Fasting glucose (FPG), total cholesterol (TC), triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C), creatinine (CREA), urea nitrogen (BUN) and uric acid (UA) were measured with standardized procedures. HbA1c was measured by high-performance liquid chromatography (Variant II and D-10 Systems, Bio-Rad Laboratories Inc, Hercules, CA, USA). Enzyme-linked immunosorbent assay (human FGF21 ELISA kit, MBS177299, San Diego, CA, USA) was used to determine the plasma FGF21.
Statistical Analysis
All statistical analyses were performed using SPSS version 19.0 (SPSS Inc, Chicago, IL, USA). Each variable was tested for normal distribution using the Kolmogorov-Smirnov test. Abnormally distributed variables were analyzed with the Mann-Whitney U test between the two groups. Quantitative data are presented as mean ± standard deviation (SD) or percentage and median (25th and 75th percentiles). Student's t test was used for comparing normally distributed variables and the Mann-Whitney U test for abnormally distributed variables. Qualitative data are expressed as relative numbers, and comparison between groups was performed with the chi-square test. Spearman correlation analysis or partial correlation analysis was used for correlation analysis. A stepwise multiple regression analysis was done to investigate the independent variables associated with ACR. A value of P \ 0.05 was considered statistically significant.
RESULTS
Baseline Information
As shown in Table 1 . According to the ACR, patients were divided into the proteinuria group (n = 42) and non-proteinuria group (n = 67). The average ACR in the proteinuria group was 4.8 mg/mmol and 1.2 mg/mmol in the nonproteinuria group. Several characteristics including male gender, hypertension, Scr, eGFR, LFC, AHI, ODI, MPO 2 and CT \ 90%, were significantly different between the two groups (P \ 0.05). There were no significant differences in other indicators between the two groups (P \ 0.05).
Correlations of ACR with Clinical and Biochemical Parameters
As shown in Table 2 , the associations of age, FPG, TC, TG (logarithmic conversion), eGFR (logarithmic conversion), AHI, ODI, LSaO 2 (logarithmic conversion), MSaO 2 (logarithmic conversion) and CT \ 90% (logarithmic conversion) with ACR were assessed. Results showed ACR positively correlated with WC, AHI, ODI, CT \ 90% and LFC, but negatively with MSaO 2 and LSaO 2 (P \ 0.05).
Multivariate Linear Regression Analysis of Hypoxia-Related Indicators and ACR
ACR as a dependent variable and age, gender and duration of diabetes, SBP, DBP, WC, FPG, TC, TG, HDL-C, LDL-C, CREA, UA, LFC, AHI or ODI or LSaO 2 or MSaO 2 or CT \ 90% as independent variables were employed to establish a Fig. 1 ).
Correlation between Serum FGF21 and Hypoxia-Related Indicators
Patients were divided into the non-OSAHS group (n = 16) and OSAHS group (n = 93) according to the AHI. At baseline, serum FGF21 in the OSAHS group was significantly lower than in the non-OSAHS group (P \ 0.05, Table 3 ). Correlation analysis showed that serum FGF21 was negatively related to AHI and ODI in the OSAHS group, while there was no close correlation of serum FGF21 with the OSAHS index in the non-OSAHS group (P \ 0.05, Table 4 ). After adjusting for age, WC and TG, FGF21 was negatively related to AHI, but positively with MSaO 2 (P \ 0.05, Table 4 ).
DISCUSSION
DN is a main cause of ESRD and closely related to various factors such as obesity, genetics, hemodynamics, hyperglycemia and oxidative stress, seriously affecting the health of patients and increasing mortality [2] . In recent years, OSAHS has been increasingly concerned because of its high prevalence in T2DN patients [18] . OSHAS is a chronic sleep disorder All variables are expressed as n (%) for categorical data or mean ± SD or medians (25th and 75th percentiles) for continuous data with or without normal distribution, respectively Serum creatinine, 1 mg/dl = 88.41 lmol/l BMI body mass index, WC waist circumference, FPG fasting glucose, HbA1c hemoglobin A1C, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, TG triglycerides, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, Scr serum creatinine, BUN urea nitrogen, UA uric acid, eGFR estimated glomerular filtration rate, LFC liver fat content, AHI apnea-hypopnea index, ODI oxygen desaturation index, LSaO 2 minimum oxygen saturation, MPO 2 average oxygen saturation, CT90% cumulative time of SPO 2 \ 90%, FGF21 fibroblast growth factor 21, OSAHS obstructive sleep apnea-hypopnea syndrome [9] . Serum FGF21 is a new metabolic regulator that can improve insulin resistance and maintain glucose homeostasis. In addition, it is also involved in the inhibition of inflammation and oxidative stress and has an anti-fibrotic effect on various diseases [19] . Therefore, to explore the association of OSAHS with early renal injury and serum FGF21 may help prevent and delay the development of DN. ACR serves as a sensitive indicator of early kidney injury in DN [20] . Studies have shown that ACR is an independent predictor of cardiovascular events in subjects with or without cardiovascular risk factors, and treatments that reduce albumin excretion can also slow renal failure and improve cardiovascular risk [21] . In our study, ACR was used as a diagnostic criterion for early DN.
Currently, little is known about the relationship between OSAHS and early DN, and the available findings are conflicting. Our results showed there were significant differences in the AHI, ODI, LSaO 2 , MSaO 2 , CT \ 90%, eGFR and LFC between DN patients and non-DN patients. Correlation analysis showed ACR positively correlated with WC, AHI, ODI, CT \ 90% and LFC, but negatively with MSaO 2 and LSaO 2 . This was consistent with the results from a recent study: a significant association was found between AHI category and aACR with the AHI C 30 having the highest aACR [22] . Buyukaydin et al. [23] examined the clinical parameters of 52 patients with T2DM and OSAHS; their results showed there was no significant difference in the AHI between the micro-albuminuria (9.0 ± 14.6 events/h) group and non-micro-albuminuria (10.5 ± 10.0 events/h) group. This might be ascribed to the small sample size (n = 52) and the relatively high proportions of females (72%) because OSAHS is more common in men. It is necessary to carry out more large sample and multicenter studies to confirm our findings.
ACR is known as a sensitive indicator of DN. Our results showed ACR positively correlated with a partial hypoxia index, eGFR and LFC, but negatively with MSaO 2 and LSaO 2 . However, there was no correlation of ACR with FPG, HbA1c, TG and LDL-C, which was different from the results reported by Taleb et al. [24] . On one hand, this may be due to the relatively small sample size of our study, and thus the correlation between variables could not be identified; on the other hand, our results might be biased by sample selection, because the blood glucose in our study was well controlled and the blood lipid was also within the normal range. It is well known that the kidney is rich in blood and has high perfusion, which makes the kidney sensitive to hypoxic injury, while OSAHS is characterized by chronic IH. In early renal injury, hypoxia accounts for more than the changes in blood glucose and blood lipid. In further analysis, ACR served as a dependent variable, and OSAHS-related parameters and Fig. 1 Multivariate logistic regression analysis on influencing factors of ACR. CI confidence interval, AHI apneahypopnea index, ODI oxygen desaturation index, LSaO 2 the minimum oxygen saturation, MPO 2 average oxygen saturation, CT90% cumulative time of SPO 2 \ 90%. Adjusted for age, gender and duration of diabetes other clinical data were used as independent variables. Stepwise linear regression showed AHI and ODI were independent risk factors for ACR.
This was consistent with the results on the relationship between AHI and urinary microalbumin reported by Zhang et al. [25] and on the All variables are expressed as n (%) for categorical data or as mean ± SD or medians (25th and 75th percentiles) for continuous data with or without a normal distribution, respectively. P values tested the overall difference among OSAHS classifications Serum creatinine, 1 mg/dl = 88.41 lmol/l BMI body mass index, WC waist circumference, FPG fasting glucose, HbA1c hemoglobin A1C, SBP systolic blood pressure, DBP diastolic blood pressure, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, Scr serum creatinine, BUN urea nitrogen, UA uric acid, eGFR estimated glomerular filtration rate, ACR albumin/creatinine ratio., LFC liver fat content, FGF21 fibroblast growth factor 21 relationship between ODI and urinary microalbumin reported by Furukawa et al. [26] . However, few studies have been conducted to investigate the correlation of urinary albumin with MSaO 2 and LSaO 2 . Our results showed MSaO 2 was an independent risk factor for ACR, and LSaO 2 was a protective factor. Therefore, we speculate that hypoxia is an independent risk factor for early renal injury in DM patients.
The exact mechanism between OSAHS and microalbuminuria is unclear. The possible mechanisms may be as follows: (1) The sleeprelated pathophysiologic changes in case of OSAHS may influence the glomerular endothelial function and the urinary albumin excretion. IH caused by OSAHS has been documented to cause oxidative stress and activation of the inflammatory pathways, leading to endothelial dysfunction [9] . In addition, chronic IH is SBP systolic blood pressure, DBP diastolic blood pressure, WC waist circumference, FPG fasting glucose, HbA1c hemoglobin A1C, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, eGFR estimated glomerular filtration rate, UA uric acid, AHI apnea-hypopnea index, ODI oxygen desaturation index, LSaO 2 minimum oxygen saturation, MPO 2 average oxygen saturation, CT90% the cumulative time of SPO 2 \ 90%, LFC liver fat content, ACR albumin/creatinine ratio associated with a three-fold increase in macroalbuminuria and a two-fold increase in microalbuminuria [26] . (2) The intermittent intra-renal hemodynamic changes due to recurrent sympathetic overdrive secondary to sleep fragmentation can cause ischemia and intra-renal reperfusion injury, leading to intrinsic renal injury [27] . A case report on OSAHS showed secondary focal glomerulosclerosis, and proteinuria improved completely after treatment with bi-level positive airway pressure in one patient [28] . (3) Hypoxia may directly affect the b-cell function and activate inflammatory molecular pathways to alter the insulin sensitivity. Overall, these mechanisms can elevate the insulin resistance in T2DM patients and affect other related factors of microalbuminuria. In addition, the plasma FGF21 was detected in our study. Some studies have shown that FGF21 is elevated in DN patients and may be a predictor of DN [29] . A study [12] showed that serum FGF-21 increased in T2DM patients compared with non-diabetic controls, and it was significantly higher in patients with an elevated urinary albumin excretion rate. However, our results showed no significant difference in FGF21 between the proteinuria group and non-proteinuria group. It should be noted that most of the subjects in our study had OSAHS, and there were significant differences in OSAHS-related indicators between the two groups. Perhaps hypoxia-related indicators may affect the plasma FGF21 level. We further divided patients into the T2DM without OSAHS group and T2DM with OSAHS group. Results indicated that serum FGF21 in the T2DM with OSAHS group was significantly lower than in the T2DM without OSAHS group, and serum FGF21 in the T2DM with OSAHS group negatively correlated with AHI and ODI. However, serum FGF21 was not associated with OSAHS parameters in the non-OSAHS group. The specific mechanism is unclear. A study [30] about the effects of hypoxia on the FGF21 expression in Caco-2 cells indicates hypoxia significantly reduces FGF21 gene and protein expression, which is ascribed to the hypoxiainduced oxidative stress and mRNA stabilization. Therefore, we speculate that hypoxia may reduce the expression of serum FGF21 through some mechanisms, thus further affecting the occurrence and development of DN.
The novelties of this study were as follows: First, we systematically investigated the relationship between OSAHS indicators and ACR in obese patients with T2DM. Second, our results showed ACR had a significant correlation with LFC. Furthermore, although the eGFR between the proteinuria group and non-proteinuria group was within the normal range, eGFR in the proteinuria group decreased compared with the non-proteinuria group. This suggests that clinicians should not only pay attention to whether eGFR is in the normal range, but also dynamically monitor the changes in eGFR. Finally, our study showed serum FGF21 decreased in the OSAHS group compared with the non-OSAHS group, and serum FGF21 negatively correlated with AHI, but positively with MSaO 2 . Studies have shown that hypoxemia parameters may reflect the association of OSAHS with diabetic microvascular complications more sensitively than AHI, but the specific mechanism remains to be further explored.
There were several limitations in this study. First, this was a retrospective study and the sample size was relatively small. Second, only ACR was used as a criterion in our study, and the changes in GFR and glomerular pathology were not evaluated. Third, the causal relationship between OSAHS and DN was unclear. However, it is necessary to pay attention to the screening and diagnosis of OSAHS, especially in those with obesity and non-alcoholic fatty liver, which may benefit the treatment of microalbuminuria.
In conclusion, our study indicates that AHI and ODI are independent risk factors for ACR. Compared with non-OSAHS patients, serum FGF21 significantly reduces in T2DM with OSAHS patients, and it correlates with AHI and ODI. The specific interaction mechanism among hypoxia, FGF21 and DN remains unclear. In the future, more prospective studies with large sample size are needed to explore the effects of OSAHS on the urinary protein and eGFR in patients with T2DM and to investigate the relationships among serum FGF21, OSAHS and DN to provide more evidence for the prevention and treatment of DN. City, Jiangsu Province (HAS201611-04). The study sponsor is also funding the journal's article processing charges.
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